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Disclaimer 

The information in this document has been funded by the United States Environ­
mental Protection Agency (U.S. EPA) under Work Assignment (WA) No. 4-32 of Con­
tract No. 68-C7-0008 to Battelle. It has been subjected to the Agency’s peer and 
administrative reviews and has been approved for publication as an EPA document. 
Mention of trade names or commercial products does not constitute an endorsement 
or recommendation for use. 
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Foreword 

The U.S. Environmental Protection Agency (EPA) is charged by Congress with pro­
tecting the Nation’s land, air, and water resources. Under a mandate of national envi­
ronmental laws, the Agency strives to formulate and implement actions leading to a 
compatible balance between human activities and the ability of natural systems to 
support and nurture life. To meet this mandate, EPA’s research program is providing 
data and technical support for solving environmental problems today and building a 
science knowledge base necessary to manage our ecological resources wisely, 
understand how pollutants affect our health, and prevent or reduce environmental 
risks in the future. 

The National Risk Management Research laboratory (NRMRL) is the Agency’s 
center for investigation of technological and management approaches for preventing 
and reducing risks from pollution that threaten human health and the environment. 
The focus of the Laboratory’s research program is on methods and their cost-
effectiveness for prevention and control of pollution to air, land, water, and sub­
surface resources; protection of water quality in public water systems; remediation of 
contaminated sites, sediments and ground water; prevention and control of indoor air 
pollution; and restoration of ecosystems. NRMRL collaborates with both public and 
private sector partners to foster technologies that reduce the cost of compliance and 
to anticipate emerging problems. NRMRL’s research provides solutions to environ­
mental problems by: developing and promoting technologies that protect and improve 
the environment; advancing scientific and engineering information to support regula­
tory and policy decisions; and providing the technical support and information transfer 
to ensure implementation of environmental regulations and strategies at the national, 
state, and community levels. 

This publication has been produced as part of the Laboratory’s strategic long-term 
research plan. It is published and made available by EPA’s Office of Research and 
Development to assist the user community and to link researchers with their clients. 

Hugh W. McKinnon, Director 
National Risk Management Research Laboratory 
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Abstract 

This design manual is an in-depth presentation of the steps required to design and 
operate a water treatment plant for removing arsenic in the As(V) form from drinking 
water using the anion exchange process. Because As(III) occurs as an uncharged 
anion in ground water in the pH range of 6.5 to 8, the process will not remove As(III) 
unless it is first oxidized to As(V). The manual also discusses the capital and oper­
ating costs, including many of the variables that can raise or lower costs for identical 
treatment systems. 

The anion exchange treatment process is very reliable, simple, and cost-effective. 
The treatment process removes arsenic using a strong base anion exchange resin in 
either the chloride or hydroxide form, with chloride the preferred form because salt 
can be used as the regenerant. The process preferentially removes sulfate over 
arsenic; and, therefore, as the sulfate increases in the raw water, the process 
becomes less efficient and more costly. Furthermore, because sulfate occurs in 
significantly higher concentrations than arsenic, treatment run lengths are dependent 
almost entirely on the sulfate concentration of the raw water. The ion exchange 
process is a proven efficient and cost-effective treatment method for removing As(V) 
from water supplies with low sulfate levels. 

The configuration of an anion exchange system for As(V) removal can take several 
forms. The method presented in this design manual uses three vertical cylindrical 
pressure vessels operating in a downflow mode. Two of the three treatment vessels 
are piped in parallel to form the primary arsenic removal stage. The third treatment 
vessel is piped in series in the lag position. In the primary stage, raw water flows 
through one of the two treatment vessels while the second vessel is held in the 
standby position. When the treatment capacity of the first vessel approaches exhaus­
tion, it is removed from service and replaced by the second primary stage vessel. 
While out of service, the first vessel is regenerated and placed in the standby 
position. The role of the third treatment vessel in the lag position is to ensure that any 
arsenic that breaks (peaking) through one of the lead vessels does not enter the 
distribution system. Although this design concept results in higher capital costs, it 
prevents high arsenic concentrations in the treated water, if operated properly. 
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